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Metallic thin films, multilayers, and nanostructures are prepared by ultrahigh-vacuum deposition and electron-beam
lithography. Magnetic and electric transport properties are studied using various experimental techniques including
Mossbauer spectroscopy, x-ray magnetic scattering, and neutron diffraction. Novel magnetic and transport properties are
explored by engineering the size and shape ofmagnetic materials.
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Fig. 1 IDustration of the current-driven domain wall motion due to spin-
transfer effect.
(c)
Fig.:! Real~paceobservation of the current-<lrivm domain wall motion
by magnetic force microscopy,
(a)
(b)
Current-Driven Domain Wall Motion due to
Spin-Transfer in Magnetic Nanowires
In conventional magnetic devices, the magnetic con-
figuration has been controled by a magnetic field Here we
show that spin-polarized currents can change the magnetic
state through the direct interaction between electrons and
magnetic moments.
In general, ferromagnets are composed of magnetic do-
mains, within each ofwhich magnetic moments align. The
directions ofmagnetization ofneighboring domains are not
parallel. As a result, there is a magnetic domain wall (OW)
between neighboring domains. The direction of moments
gradually changes in a DW as shematically illustrated in
Fig. lea). What will happen if an electric current flows
through the DW? The spin direction of a conduction elec-
tron follows the local magnetic moment when the electron
crosses the DW. Thus, there is a change in angular mo-
mentum of the electron (Fig. l(b». To conserve the total
angular momentum of the system, the angular momentum
sholud be absorbed by the magnetic moments in the DW.
This spin-transfer creates the torque on the DW. In conse-
quence, the electric current moves the DW.
Magnetic wires of 10 nm-thick NisIFel9 were fabricated
onto thennally oxidized Si substrates by means of an
e-beam lithography and a lift-offmethod The width of the
wire is 240 nm.
Figure 2(a) shows the magnetic force microscopy
(MFM) image after an introduction ofa DW into the wire.
The DW is imaged as a bright contrast, which corresponds
to the stray field from positive magnetic charge. In this
case, a head-to-head DW is realized as schematically il-
lustrated in Fig. lea). After the observation of Fig. 2(a), a
pulsed-current was applied through the wire in the absence
ofa magnetic field The current density and the pulse dura-
tion were 1.2 x 1012 Alm2 and 5 l.l.s, respectively. Figure
2(b) shows the MFM image after an application of the
pulsed-current from left to right. The DW moved from
right to left by the application of the pulsed-current The
direction of the DW motion was reversed by switching the
current polarity as shown in Fig. 2(c). The tail-nrtail DW
also moved opposite to the current direction, which con-
firmed that the DW motion was not caused by a magnetic
field generated by the current.
We can control the DW position in the wire by tuning
the intensity, the duration and the polarity of the pulsed-
current. Thus, spintronic devices, whose operation is based
on the DW motion, can be directly operated by the cur-
rent.
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